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CHAPTER 1 
INTRODUCTION
1.1 Background
The fossil fuel as a petroleum fuel is a limited energy resource.  The 
dependencies on petroleum as a main energy source cannot be denied.  Presently, the 
energy for transportation alone consumes about 38% of petroleum, followed by the 
industrial sector, which consumes about 14% of petroleum.  The other sectors that 
consume a lot of energy are aviation, power generation, and marine (Absi et al.,
1997).  Figure 1.1 indicates the distribution of crude petroleum oil consumed by 
various sectors. 
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Figure 1.1 Distribution of crude petroleum oil consumption by various sectors 
(Absi et al., 1997)
The increasing demand for gasoline, kerosene and diesel will eventually raise 
big problems because petroleum is not a renewable source.  As petroleum reserves
deplete faster year by year, more rapidly than it is formed, thus a continuous supply 
of petroleum is required in searching for new alternative sources.  Natural gas looks 
like the best alternative, but the problem of transportation and safe handling makes
it difficult to distribute the gas to rural areas.  On the other hand, coal can be 
converted to gasoline; however, that involves a high production cost and 
unfortunately this product has poor quality.  Moreover, the extraction of coal by 
underground mining is relatively dangerous and an unhealthy occupation, while the 
establishment of deep mines demands considerable capital expenditure (Haag et al.,
1980).
Malaysia is the 24th and 13th largest crude oil and natural gas reserves
respectively in the world.  Combined, Malaysia has total domestic reserves of
19.345 billion barrels of oil equivalent (boe): 75% gas and 25% oil.  As at 1 January 
2004, Malaysia’s crude oil reserve stood at 4.841 billion barrels and natural gas
reserve stood at 87 ton cubic feeds (14,504 million boe).  Gas reserves remain three 
times the size of oil reserves (Oil & Gas Malaysia Profile, 2004).
3Bio-fuel appears as a promising alternative for energy source.  This resource 
is renewable and also environmental friendly due to none of sulfur and nitrogen 
content.  Furthermore it is easy to be handled and transported, as it appears in liquid
form.  Vegetable oils contain triglycerides of long chain fatty acids and glycerols, 
which are the best choice to obtain hydrocarbons fuel (Chen et al., 1986).  Thus, 
vegetable oils of different origins such as palm oil, canola oil, coconut oil, soybean
oil, rapeseed oil, jojoba oil and others offer the source of hydrocarbons, which can be 
transformed into desired liquid fuel.  Because of their high viscosity (at room
temperature they have 10-time diesel’s viscosity), direct utilization of these 
triglycerides into the combustion engines would cause severe problems.  Therefore, 
the viscosity should be reduced either by converting the glycerides into different 
compound which pose low viscosity, or by breaking it into smaller hydrocarbon 
chain.
Palm oil is one of the vegetable oils that is abundantly grown in Malaysia.  It 
has the potential to be the raw material for bio-fuel production. Statistics by Foreign 
Agricultural Service, Official USDA Estimates for December, 2004 (Figure 1.2) has 
shown that for five consecutive years, Malaysia produced the largest volume of palm
oil.  In year 2004, Malaysia produced about 14 million tons of palm oil, followed by 
Indonesia, which was about 11.5 million tons of palm oil. 
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Figure 1.2 World production of palm oil, 2000–2004 (Foreign Agricultural 
Service, Official USDA Estimates for December 2004) 
Most of the researches done on palm oil conversion to gasoline used refined, 
bleached, deodorized (RBD) palm oil.  This is due to the high viscosity of CPO, 
which causes problems such as incomplete combustion, poor fuel atomization and 
cooking of fuel injectors if used directly without treatment (Salam et al., 1996; Bari 
et al., 2002). 
The suitable method to crack the triglycerides from vegetable oil is essential
and the yield of the gasoline obtained should be also observed.  The fluctuation of
palm oil price gives an advantage to this process; because it will be cheaper for the
future.  However, more studies have to be done to make sure this process is 
economically viable. 
The ultimate challenge still lies in the development of catalyst and cracking
process.  A stable, shape selective and high acidic catalyst is needed in order to
achieve high conversion and gasoline selectivity in this process.  The difference 
between cracking with and without hydrotreating for conversion of palm oil was 
studied.  The researches in this field agree that the process of converting palm oil to 
5gasoline depends on the acidity of catalyst, especially Br?nsted acid sites (Corma
et al., 1991).  On the other hand, products obtained by using hydrogen pretreatment
on catalyst of several organic processes were higher than without hydrogen 
pretreatment (Shishido and Hattori, 1996; Ravasio et al., 2002; Wojcieszak et al.,
2004).  Therefore, this research tries to find a suitable catalyst and determine the 
effect of metal loading on catalyst for palm oil cracking to gasoline by comparing
between H-ZSM-5 and H-Beta, furthermore subsequently using impregnated copper 
on better zeolite chosen. 
1.2 Problem Statement 
The oil crisis in the 70’s caused researchers to explore various possibility to
convert vegetable oil to liquid fuel (Haag et al., 1980; Prasad and Bakhshi, 1985; 
Craig and Coxworth, 1987; Sharma and Bakhshi, 1991; Adjaye and Bakhshi, 1995a; 
Bhatia et al., 1998; Twaiq et al., 1999; Kasim and Amin, 2001; Ooi et al., 2002; 
Twaiq et al., 2003; Twaiq et al., 2004).  However the experimental process of 
vegetable oil conversion can still be improved. 
The research on vegetable oil catalytic cracking, especially palm oil, has a 
bright prospect in the future in Malaysia.  The decrease of palm oil price gives an 
advantage to this process 
The effect of hydrogen pretreatment on the catalytic activity of zirconium 
oxide modified with sulfate ion and platinum (Pt/SO42--ZrO2) for cumene cracking
was studied by Shishido and Hattori (1996).  They found that pretreatment of the 
catalyst with hydrogen gave high activity for cumene cracking. 
6Cu/SiO2 activated with hydrogen for hydrogenation of rapeseed oil showed 
good activity and excellent selectivity towards formation of high oleic derivatives
(Ravasio et al., 2002).  Wojcieszak and co-workers (2004) carried out the 
hydrogenation of benzene to cyclohexane using hydrogen pretreated Ni/MCM-41 
and Ni/AlMCM-41.  They found that Ni/MCM-41 showed high catalytic activity 
compared to Ni/AlMCM-41. 
Besides that, the important factors to develop are the improvement in 
preparation of catalysts for palm oil cracking.  Stability, shape selective, pore
structure and high acidity are needed in order to achieve high gasoline selectivity in
the product.  Consequently, this research is carried out by flowing of hydrogen 
through the catalyst and loading copper on zeolite as catalyst. 
1.3 Objectives of Study 
The objectives of this research are as follows: 
1. To select better catalyst, either H-ZSM-5 or H-Beta zeolite for palm 
oil cracking to gasoline, in terms of conversion and gasoline 
selectivity.
2. To study the effects of hydrogen pretreatment on zeolite for palm oil 
cracking to gasoline.
3. To study the effect of copper loading in hydrogen pretreatment
copper-zeolite catalyst for palm oil cracking to gasoline.
71.4 Hypothesis
As mentioned earlier, hydrogen pretreatment on catalyst for cracking and 
hydrogenation showed better result than its process alone, however recently study 
about hydrogen pretreatment on catalyst for palm oil cracking has not founded yet. 
Thus it has been hypothesized that hydrogen pretreatment on catalyst for palm oil 
cracking is anticipated to gain higher selectivity of gasoline compared to catalytic
cracking alone.
The hydrogen pretreated catalysts that have been studied for cracking and 
hydrogenation were transition metal such as platinum, copper and nickel 
impregnated on a support.  Addition of metal on the support improved the support’s
catalytic activity (Shishido and Hattori, 1996; Ravasio et al., 2002; Wojcieszak et al.,
2004).  Although, the reducibility of platinum and nickel is higher than copper, 
however in this study, copper is chosen as impregnated metal on zeolite.  The 
reasons are because its cost is cheaper than platinum and nickel; in addition it is 
expected to improve cracking activity of palm oil.
1.5 Scopes of Study
The experiment was designed to study the hydrogen pretreatment effect on 
catalysts for palm oil cracking to gasoline.  This research focuses on several aspects
such as follows: the setting up of an experimental rig, the applied catalysts, the
products obtained and the effects of operation conditions.
Firstly, the experimental rig and micro distillation unit were set up before the
sub sequential study carried out.  Secondly, the catalyst selection tests are conducted 
8in order to determine better catalyst, between H-ZSM-5 and H-Beta zeolite, for palm
oil cracking.  Thirdly, the reaction parameters effects (reaction temperature and
hydrogen flow rate) for hydrogen pretreatment catalyst were investigated.  Lastly, the 
effect of copper loading on zeolite in hydrogen pretreated copper zeolite for palm oil 
cracking was also investigated.  X-ray diffraction (XRD), Pyridine adsorption for 
infra red spectroscopy (PY-IR) and nitrogen adsorption (NA) analysis were carried 
out to characterize the catalysts.
1.6 Layout of the Thesis 
This thesis reports the research of the experimental rig design for hydrogen 
pretreatment on catalyst (in situ) and catalytic palm oil cracking to gasoline.  This 
work was also to study the relation between catalyst properties and obtained products 
from the experiments.  Chapter 1 describes the introduction, the problem statement,
objectives, hypothesis and scopes of this research. 
Chapter 2 reviews literatures those related to the vegetable oil cracking and 
hydro pretreatment of catalyst on several organic reactions.  The palm oil and 
gasoline properties as well as the characteristics of ZSM-5, Beta and copper are also 
reviewed.
Chapter 3 explains the methodologies of the experimental and 
characterization of the catalysts.  The experimental rig set up for hydrogen 
pretreatment of catalyst and palm oil cracking are described.  Furthermore, the 
catalyst preparation and catalytic testing procedure, as well as the methods to analyze 
liquid and gaseous products are included.  Finally, the catalyst characterization
techniques are explained.
9Chapter 4 discusses the comparison of results by using H-ZSM-5 and H-Beta 
for palm oil cracking to produce gasoline.  Chapter 5 discusses the effect of reaction
temperature, hydrogen flow rate on hydrogen pretreatment of zeolite for palm oil 
cracking to produce gasoline using better catalyst.  The effect of different weight 
percentage of copper in hydrogen pretreated copper loaded zeolite for palm oil
cracking process were described detail.  Finally the general conclusions and 
recommendations for future studies were stated in chapter 6.
